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INTRODUCTION
Environmental exposure tu lead has long been recognized as a public health

problem particularly among children. The vulnerability of the age group I to 5
years tu siril lead is enhanced because of their hand to mouth activities, pica, and
a high rate of intestinal absorption. Excessive concentration of lead in soil has
been shown to Increase lead levels in children (Lin-Fu, 1973a, b; Mielke ei al.,
1983; Duggan and Williams, 1977; Orunekreef et al., 1981; Rods et at,, 1980;
Schmitt et al., 1979). As a result, there has been an increasing awareness for the
need to monitor lead levels in soil and to control soil lead contamination by
maintaining a "safe" level. Given the widespread presence of lead in urban soil,
reduction of lead to background uncoitiaininaied levels is not possible (National
Academy of Sciences, 1980). The major focus of this report is to propose a "safe"
or permissible level of lead in soil in highly urbanized areas, below which potential
adverse health effects will be minimized.

BACKGROUND
Environmental Assessment

Soil lead contamination has been attributed to various sources (American Acad-
emy of Pediatrics, 1985). Flaking lead paint, particularly in and around houses or
buildings has been considered as a major source of contamination. Air-borne lead
panicles deposited in soil is another important source. Emissions frum industries,
from incinerators and similar sources, and from vehicular traffic using leaded
gasoline contribute tu soil Iwtd content. Urban environments receive a higher
deposition of lead from vehicular emissions than rural areas. Furthermore, lead
concentration in urban soils are not evenly distributed (Mielke et al., 1983).

In general, lead tends to remain al the surface soil and concentrations arc lower
at deeper layers. Lead-contaminated soil and dust have bocn identified as impor-
tant sources of exposure for children especially in an urban setting (Duggan and
Williams, 1977). Wide variations in soil lead levels have been observed. Studies
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hnve reported values ranging from less than 100 ppm to well over 11,000 ppm
(National Academy of Sciences, 1980). In a recent study in Baltimore, the lead
levels in garden soil samples ranged from i.O ppm to over 10,000 ppm with a
median of 100 ppm (Miclkc ct at.. 1983). Spinier and his co-workers did a similar
study on garden soil in Boston (Spinier and Fedcr, 1979). Soil lead levels were
higher In inner-cities and near roadway*. Also, front yards of homes facing road-
ways had higher lead contamination than backyards. Automobile and industrial
emissions have been found to be mainly responsible for increase in urban soil lead
levels.
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Health Effects

Severe lead toxicity often causes cncephalopalhy. Prevention of this serious
sequelae of lead poisoning was a major focus in the 1960s (Mahaffey, 1983).
During the 1970s, recognition of chronic exposure of lead and its cumulative effect
shifted the emphasis to the understanding of the adverse effects of low levels of
lead Intoxication. The study by Needleman et al. (1979) showed a positive rela-
tionship of lead in shed milk teeth with poor ratings from classroom behavior.
These findings supported the "no threshold" view and also indicated the need for
more attention to be given to cumulative adverse effects of lead at low levels of
intake. A recent study In Boston (Bclllngcr et al.. 1987) emphasized this view with
its findings on fetal lead exposure associated with retardation of mental develop-
ment.

The blood lead concentration has been generally accepted as the best measure
of the external dose of lead (National Academy of Sciences, 1980), although it is
not considered as a reliable index of past absorption or of toxicity .per se. How-
ever, Needleman et al. (1979) had observed that children with higher tooth lead
levels tended to have had higher blood lead levels previously (4 or 5 years prior to
tooth shedding).

In recent years, progress has been made in achieving the goal to remove lead
from the environment of children before it enters their bodies. The Second Na-
tional Health and Nutrition Examination Survey (NHANES-1I) has established
average Mood lead levels for the U.S. population (Mahaffey et al., 1982). These
data demonstrated that urbanization was associated with an increase^! blood level.
Lead levels in blacks were on an average 6 ng/dl higher than those in whites. The
lowest blood lead associated with adverse biological effects has been observed to
be 10 ng/dl (Minnesota Department of Health, 1984). ALAD (A-aminolevulinic
acid dehydratase) inhibition is associated with this low level. More serious con-
ditions such as anemia and neurologic effects occur at higher levels of blood lead
elevation.

Leaded gasoline makes a substantial contribution to soil and dust lead levels
(Caprio et al., 1974). The reduction of lead in gasoline and removal of lead in paint
for residential areas have been primarily responsible for a decline in the average
blood lead levels in children on a national basis, lu areas with very high concen-
trations of lead in soil and dust, large-scale cleanup operations ' "
of the population will be the ideal remedial actions to protect <
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lead exposure. Such responsibilities for regulating lead exposure include the >>ci-
ting up of acceptable levels of lead in soil by government agencies.

MATERIALS AND METHODS
Several studies have found that lead in soil Is positively correlated with blood

lead in children (firunekreef, 1981; Roels ei al., 1980; Schmitt et al.. 1979). The
U.S. Environmental Protection Agency (EPA) estimated the blood lead soil slope
as ranging from 0.6 to 6.8 tig/dl per 1000 ug/g of soil lead concentration (U.S.
Environmental Protection Agency, 1983). Available data on the estimates of the
amount of soil ingenled by children showed 100-fold variation and were nut con-
sidered useful in deriving a "safe" soil level (Binder ct al., 1986; Clausing ft al.,
1987: Hawiey. 1985).

Duggan (1980) did an assessment of the relationship of blood lead and lead in
soil/dust, based on 21 samples out of nine studios, which had data permitting a
quantitative estimation of the blood lead slope. His estimate was an increment of
5 ng/dl of blood lead per 1000 ppm of lead in soil. These studies varied a great UcaJ
in the type of soil and the study population. Soil or dust source included various
types such as boot tray dust, house dust, outdoor dust, playground dust, and soil.
Most of these studies were on children under 5 yearn of age, a few on older
children up to 14 years, and one on a mixed population of adults and children. The
blood lead slopes, computed by Duggan for all 21 samples, were available, ranging
from 0.6 ug/dl to 65 m/dl per 1000 ppm of lead in soil.

We based our analysis on 8 of Duggan's 21 slope estimate*. We selected these
8 slopes because soil was the only source of lead, not house dust, etc., and only
blood levels from children under 12 years, the most susceptible group to lead
toxicity, were used to derive the slopes.

RESULTS AND DISCUSSION
The results of limited soil sampling in New jersey found that median values of

lead in surface soil samples from different areas in Now Jersey varied from 4 ppm
to 1245 ppm (New Jersey State Department of Health, 1985). The overall median
levels were 238 ami 73 ppm for suspected contaminated and control sites, respec-
tively. Newark had the highest median of 1245 ppm followed by Jersey City (668
ppm), Secaucus (495 ppm), and other-towns with levels below 400 ppm. Samples
from areas in Princeton and Flemington were below 100 ppm. As observed iu
earlier studies, front yards of homes in Newark had a higher level (1759 ppm) than
backyards (1060 ppm).

Table 1 shows the slopes ranging from 0.6 to 65 pg/dl per 1000 ppm of the eight
studies setooted to derive an acceptable level for lead in soil. As lead levels in
blood are known to be distributed lognormally, and the range for slopes (0.6-65.0
W/dl) is very wide, analysis was done on base 10 log transformations of the
slopes. The mean of the base 10 logs is 0.5321 with a standard error of 0.2435.
Transforming back, the geometric incau and die geometric standard error of the
slopes is 3.41 s 1.75 uj/dl. Applying the "worst-case" or upper-limit analysis to
the base 10 togs, the one-tailed 95% upper confidence limit equals 0.5321 + 1.65
x O.Z435 - 0.9339 (American Industrial Health Council, 1985; Wilson and
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TABLE 1
DATA RBLATINO TO LBAD IN BLOOD WITM LOAD IN SOIL*
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Author end reference

Anjk ft al (I)
Antic «/ «A (II)
Rwttrop n al.
Oalke «/ «/. (i)
Oslk« «/ a/. (II)
SheMehcar */ d/.
YMkel r/ a/, (i)
Yankcl ti al. (U)

of penom
in tludy

IS3
25
82

187
187
61

1149
1149

Afeof
penoni
(years)

1-5
10-12

2
up lo 5
up lo *

1-5
1-9
2-J

Slope
(H4V4I/1000 ppm

654
15.0
0.6
3.3
1.6
3.9
0.6
2J

• Sourer: DusfM (1910).

Crouch, 1982). Transforming back, the amilog is 0.9339-8.5877 uj/dl per 1000
ppm of lead in soil. This slope corresponds to the worst case situation.

Using the slope 8.59 |i</dl, soil concentrations have been calculated for differ-
ent amounts of blood lead contributed from soil, as shown in Table 2. Having
computed the soil concentration for different amounts of blood lead contributed
through soil, the next important consideration is the choice of the permissible
amount of blood lead from soil. The soil lead concentration corresponding to this
blood lead level would be the suggested lead permissible level. Keeping in mind
the background level of blood lend for children under 12 yean, the ideal situation
would be to have no increment in blood lead level contributed from soil. This
stringent condition demands a zero level concentration of lead in soil. Looking at
estimates of soil lead levels available from various studies in the United Suites and
elsewiiere, one realize* that to bring down the lead concentration to zero would be
an unpractical task. As shown in Table 2, even for 1 pg/dl of Mood lead from soil,
the soil concentration has to be around 100 ppm. If 5 ug/dl of blood lead is chosen
as a tolerable level, the corresponding soil concentration is 582 ppm, rounded off
to a figure of 600 ppm. With a suggested permissible level of 600 ppm, it can be
stated with reasonable certainty that this soil concentration will contribute no
more than 5 ug/dl to blood lead for children under 12 years. The selection of 5

TABLE 2
LBAO CoNCSMTKAttON IN SOIL BY BLOOD LBAD CONTMBVTIOH WWM SOIL

Blood lead Sofl tiooMiftmtoft (ppn)
« 9S% upper confidence

link of 1.59 mMl 1000 ppm

5
10
15
20
25

lit5H
11*4
1746
23»
2*10

' In addition ut becksrmmd level.
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is somewhat arbitrary. The median blood lead of children 6 months to 5
years between 1976 and 1980 was reported to be 16 ug/dl for whites and 20 u*/dl
for blacks. Since lead accumulates there is nu absolutely "tolerable" increase of
blood level. Allowing an increase of 5 pg/dl above the median level is probably nol
advisable. The national median levels, however, arc probably partially attribut-
able to soil contamination. Table 2 therefore needs to be used as a guideline to I lie
upper limit of accumulation not as a standard which if met guarantees absolute
safety.

This suggested level of 600 ppm lies within the range given by the Center for
Disease Control (1985) in the following statement:

"in general, lead In soil and du« appear* to be responsible fur blood lead leveli in children
Increasing above background level when the wnuenimuoo in ilic toil or duit cxcecdi $00-
1000 ppm."

A similar analysis was done by the EPA. (U.S. EPA, 1983). In that analysis the
value of 65 iig/dlHOOO ppm from one study (Angle, see Table 1) was not included.
Eliminating this outlier would change the 95% upper confidence limit of the slope
from 8.59 that we used, to 4.52 ng/dl/1000ppm. This would approximately double
the soil levels presented in Table 2. Eliminating the upper and tower outliers in
Table 1 would not appreciably change the slope or values in Table 2. Because of
the uncertainty involved in selecting a "safe" level we do not feel that it is
warranted to exclude the data at either extreme.

Furthermore, it is important to keep in mind that exposure of children to lead-
contaminated soil or dust is enhanced when they play on nongnssy surfaces tluui
on grass-covered areas (Lewis and Clark County Health Department ei al.. 1986),
a scenario similar to the vulnerability of children exhibiting mouthing behavior.

In conclusion, maximum permissible levels of lead in sop'ftave been recom-
mended by.the New Jersey State Department of Health, based on the dose-
response relationship of lead in soil and blood lead in children as follows:

1. A maximum permissible level of 250 ppm of lead in soil Is recommended in
areas without grass cover and repeatedly used by children below 5 years of age
among whom mouthing objects is highly prevalent. This level may add at the most
about 2 fuj/dl to the blood lead level of children.

2. A maximum permissible level of 600 ppm of lead in soil is recommended in
areas repeatedly used by children below 12 years of age. This level may add at the
most 5 u£/dl to blood lead level of children.

3. A maximum permissible level of 1000 ppm of lead in soil is recommended in
areas such as industrial parks or along streets and highways or in other areas
infrequenied by children. Although these areas are not expected to be places
where children play, we do not feel that this can always be assured. Additionally,
we are concerned about migration of lead off these sites on the footwear or clothes
of adults.

The Department of Health also recommends that municipalities should consider
the passage of local ordinances prohibiting the development of residential areas in
lead-contaminated soil unless the lead soil concentration is* reduced to the appro-
priate maximum permissible level.
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Lead in soil has been recognized at a public health problem, particularly among
children. In recent years, attention has been directed to cumulative advene ef-
fects of lead at low levels of intake. Lead-contaminated soil and dust have been
identified as important contributors to blood lead levels. Based on available data
on blood lead and lead in soil, an approach has been developed to suggest a
permissible level of lead in soil, below which there will be reasonable certainty
that adverse health effects will not occur. An acceptable level of 600 ppm of lead
in soil suggested as a "safe" level would contribute no more than 5 ftg/dl to total
blood lead of children under 12 years of age. Maximum permissible levels of lead
in soil have been recommended based on the dose-response relationship of lead
in soil and blood lead in children.
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